Sympathetic function was studied in 101 diabetic children and 102 age and sex matched control children, as part of a longitudinal study of the evolution of microvascular disease in the population of diabetic children and adolescents in Avon County. The median (range) age of the diabetic population was 13-5 (6-0-17.2) years, the duration of diabetes was 4 0 (0.4-13.9) years, and glycated haemoglobin (HbAl) was 10-9 (7-0-18-1)%.
The Avon childhood diabetes study is a prospective study of a geographically defined population of diabetic children, designed to describe the evolution of microvascular and neurological abnormalities.
Autonomic nervous dysfunction in adults with diabetes has been defined by small pupil size' and impaired pupillary response to darkness2 or light.3 There are two previous studies on pupillometry in children4 and adolescents,5 reporting reduced pupillary adaptation in darkness, early in childhood diabetes. Pupillary measurements have also been used in conjunction with cardiovascular tests,6 7 as indices of autonomic neuropathy.
There are conflicting reports among adults with diabetes on the correlations between pupillary diameter in darkness and duration of diabetes or metabolic control: some investigators report negative correlation5 8 9 of pupil size with these variables, whereas others show no correlation. 4 10 Pupil size in darkness has been shown in adults to be negatively related to vibratory sensation threshold," while patients with frank diabetic retinopathy or nephropathy are reported to have smaller pupillary diameter than patients without these complications. 9 The present study describes the prevalence of sympathetic dysfunction in a geographically defined population of diabetic children and adolescents and the influence of such factors as diabetes duration and glycaemic control.
Subjects and methods

SUBJECTS
At the time of initiating this study June 1986) 196 children with insulin dependent diabetes mellitus (IDDM) were identified as living in Avon County. The following sources of population identification were used: consultant patient lists, patient lists of all 542 general practitioners in Avon County, list of diabetic children under community medical officers, computerised data on hospital admissions with the diagnosis of IDDM in hospitals of Avon County, and Bristol parents' support group.
Altogether 150 diabetic children were eligible and were asked to participate. Forty six children were ineligible because of additional illness, specific requests from the children's doctors that they should not be asked to participate, or they did not attend the consultant diabetic clinics in Bristol.
From the 150 eligible diabetic children, 129 agreed to participate in the first (DI) and 114 in the second study period (D2). One hundred and twenty nine best friend non-diabetic control children participated at DI; 15 controls declined to repeat the measurements during the second study period: consequently an additional 15 age and sex matched controls were recruited for D2. Thus a total of 144 control children participated in the two study periods.
The 46 excluded diabetic children did not differ in mean age, duration of diabetes, or glycaemic control from the participants in the Avon study. However, when comparing the 1 14 diabetic children who participated in both study periods with those who refused to participate in D2, the percentage of children with long diabetes duration (>5 years) or poor glycaemic control (glycated haemoglobin (HbA1) > +1 SD) was increased among the refusers.
The diabetic children were asked to identify a best friend who was of the same sex and born within the same year. The best friend was considered an appropriate control for the following reasons: (1) In addition, the following sets of measurements were made at both study periods:
(i) Heart rate variability, using an electrocardiograph attached to an oscilloscope and a Commodore Pet microcomputer. '4 (ii) Vibration sensation threshold on lower limbs was estimated using a biothesiometer (Bio Medical Instrument).
(iii) Urinary albumin/creatinine ratios on aliquots from all voidings of urine over the previous 48 hours. Urinary albumin concentration was estimated by an immunoturbidimetric technique using the Cobas kit.'5 (iv) Blood pressure, using a random zero sphygmomanometer. Diastolic blood pressure was taken as Korotkoff phase IV and V.
(v) The fall of systolic blood pressure upon standing. A blood pressure fall of 30 mm Hg was defined as abnormal. '6 Glycaemic control on the diabetic children was assessed by:
(i) HbAl using the Coening electroendoosmosis technique.17 The normal range for our laboratory was 5 5-7 5%. HbAl measurements during the time of each data collection, as well as the mean HbAl of seven three monthly measurements over a period of 18 months time, were used for analysis.
(ii) Seven point blood glucose profile on filter paper, collected on one day during the week before the day of the hospital measurement. The mean of the seven blood glucose concentrations was estimated. Capillary blood glucose concentration was estimated using the glucose oxidase technique.
The Bristol and Weston, Southmead, and Frenchay Health Authority ethical committees approved the study and participants gave written consent.
STATISTICAL ANALYSIS
The pupillary diameter, heart rate variables, and blood pressure variables were not normally distributed according to the KolmogorovSmyrnov test,'8 therefore non-parametric statistics were used.
The between eye coefficient of variation of pupillary diameter was estimated as follows. We estimated the pooled within individual SD:
(d=pupillary diameter difference between left and right eye; n=numbers of cases). The mean of the left and the mean of the right eye was summed and divided by two. Pupillary diameter was unrelated to age in the diabetic and control populations (table 2) . In diabetic children, mean pupillary diameter was negatively related to duration of disease (r=-0-22, p=0 025) and to indices of glycaemic control (HbA1: r=-0 33, p=0-00 1) (fig 1) . When performing the partial correlations of pupillary diameter with HbA1, controlling for diabetes duration, the strength of the correlation was reduced but still remained significant (r= -0-29, p=0 01).
The role of diabetes duration and glycaemic control in the development of sympathetic dysfunction were further investigated by studying the pupillary adaptation among different groups of diabetic children, using the Kruskal-Wallis one way analysis of variance. 19 When dividing the population according to HbAl levels into groups with good, moderate, or poor control, the group with the smallest mean pupillary diameter was the one with the poorest control (HbA1 > + 1 SD), whereas the group with the best adaptation in darkness was the one with moderate control.
Correlations were sought between pupillary diameter and other measures of microvascular disease. Pupillary diameter was negatively related to systolic blood pressure (r=-0-25, p=0-01) and diastolic blood pressure phase IV (r=-0-49, p=0-001). This correlation was unaffected, when controlling (partial correlation) for the effect of age. No such correlation was found between pupillary diameter and blood pressure in control children.
Pupillary adaptation in diabetic children was also related to urinary albumin/creatine ratio. Thus a negative correlation was found between pupillary diameter and the mean ratio of random urine samples (r=-0-26, p=0008); this was not present in the control population. When controlling (partial correlation) for HbA1 the correlation became insignificant, whereas when controlling for diabetes duration, the strength of the correlation was reduced, but still significant.
In the diabetic children the pupillary diameter correlated with blood pressure response to standing (r=0-20, p=004). Among the cardiovascular tests, it correlated only with heart rate variation while resting (r=-0-19, p=0 049). There were no significant correlations of pupillary diameter with other heart rate parameters or indices of autonomic and microvascular function in the control subjects.
From the measurements of pupillary diameter on control children, the 95% reference limits were estimated. Thus the diabetic and control children with a mean pupillary diameter lower than the lower reference limit were identified as having abnormal pupillary dilation in darkness (fig 2) . Eight diabetic children (7-9%) and four control children (3-9%) were found to have a pupillary diameter below the reference limit. Table 3 shows the major differences between the diabetic children with an abnormal pupillary diameter and the rest of the diabetic population. These eight children were similar in age but had longer diabetes duration (median duration: 9-2 years v 3-7 years; p=0004) and poorer glycaemic control (median HbAl: 12-6% v 10.9%; p=0028), compared with the remaining diabetic population. The control children identified as having abnormal pupillary dilation were significantly older (median age: 16-1 years) than the rest of the control population.
The diabetic children with impaired pupillary adaptation to darkness also had increased diastolic blood pressure phase IV > + 2 SD above the mean and their urinary albumin/creatine ratios were significantly raised, compared with the rest of the diabetic children (median SD scores: + 1I4 v +0 5; p=0002).
One of the eight diabetic children with abnormal pupillary dilation also demonstrated abnormalities in three out of five heart rate tests during both study periods. This child was classified as having combined sympathetic and parasympathetic dysfunction.
Discussion
This study has shown that abnormalities in pupillary adaptation to darkness present early in childhood diabetes and are related to other candidate indices of early neuropathy and microangiopathy, such as reduced heart rate variability, raised blood pressure, and increased urinary albumin excretion. ,ed a Polaroid pupillometer,4 while the been studied in adults. In terms of pupil size in used infrared computerised pupillo-darkness in subjects with short duration of 5 In agreement with both studies, the disease (0-3 years), '9 autonomic 
